Objective-To study the effect of intrauterine growth and maternal physique on blood pressure in adult life.
Introduction
The geographical pattern of mortality from cardiovascular disease in England and Wales closely resembles the pattern of maternal and neonatal mortality earlier in this century.'2 In the past maternal mortality was high in places where women had poor physique and health3 and neonatal mortality was high where many babies had low birth weights.4 There is therefore a geographical association between poor maternal physique and health, poor fetal growth, and high death rates from cardiovascular disease.
A recent follow up study gave the first indication that a similar association exists for individual people. Among 5654 men born in Hertfordshire during 1911-30 those who had the lowest weights at birth and at the age of 1 year subsequently had the highest death rates from ischaemic heart disease.5 Differences in death rates according to early weight were large and were reflected in differences in life expectancy.
These findings raise the question of what processes link intrauterine life with risk ofcardiovascular disease.
Blood pressure, a known risk factor for both ischaemic heart disease and stroke, is one possibility. Geographical differences in the incidence of cardiovascular disease in Britain correlate with differences in mean blood pressure of men and women.6 The persistence of rank order of blood pressure among people examined at intervals (tracking) has been repeatedly observed in longitudinal studies of children and adults.78 Factors in adult life that are known to influence blood pressure, such as body mass, alcohol consumption, and intake of salt, account for only a small part of the differences in pressure between individual people and populations.9
To study the relation between intrauterine growth and blood pressure in adults we examined a group of middle aged men and women whose measurements at birth had been recorded in unusual detail.
Subjects and methods
During 1935-43 a standardised record was kept for each woman admitted to the labour ward at Sharoe Green Hospital, Preston, Lancashire. The record contained details of the mother's previous pregnancies and external measurements of her pelvis, including the conjugate diameter (distance between the symphysis pubis and the fifth lumbar vertebra). The baby's birth weight, placental weight, length from crown to heel, and head circumference were also recorded. Weights were measured in pounds (1 lb=0 45 kg) and lengths and head circumferences in inches (1 inch= 2-54 cm).
Measurements had often been rounded and we therefore preserved the original units.
Our used to define social class at birth," and current social class was derived from the subject's or her husband's occupation. After the interview the subject's blood pressure was measured again. 50 . One fieldworker took 55% of the blood pressure measurements, and the small, non-significant differences in the mean values obtained by the three other fieldworkers were adjusted for. The mean placental weight for the men was 1-4 lb and for the women 1 3 lb; mean birth weights were 7 0 and 6 9 lbs respectively. Placental weight and birth weight were strongly correlated (r=0 52). of increase in risk up to 3-0 was significant (p=001).
Placental weight
There was no corresponding trend with birth weight. (lb): (18) 152 (104) subjects being -1 mm Hg (-7 to 5). The mean placental weight of those whose mothers had high blood pressure was the same as that of the remainder at 1-3 lb. The mean circumference of the head at birth was 13 6 (SD 0-7) inches and the mean length was 20 4 (1 1) inches. Circumference of the head and length increased with birth weight. For any birth weight head circumference increased with placental weight whereas length decreased, so that the ratio of length to head circumference was strongly inversely related to placental weight. A 0-5 lb increase in placental weight was associated with a decrease of 0-23 SD (p<001) in the ratio of length to head circumference.
Birth weight increased progressively with mothers' external conjugate diameter. The mean birth weight rose from 6-6 lb among those with mothers with conjugates of -<7-25 inches to 7-5 among those with mothers with conjugates >8-25 inches. Placental weight was not related to the external conjugate diameter independently of birth weight.
Discussion
We found that blood pressure and risk of hypertension among men and women aged around 50 are predicted by a combination of placental weight and birth weight. The highest blood pressures and risk of hypertension were among people who had been small babies with large placentas. Because the strong relation with placental weight was unexpected we repeated our first study and found similar results. Higher body mass index and alcohol consumption were also associated with higher blood pressure, in agreement with the results of many other studies,9 but the relation of placental weight and birth weight to blood pressure and hypertension was independent of these influences and stronger (table III) . Two routine measurements taken at birth were better predictors of blood pressure than any current measurement. To our knowledge this has not been observed before.
The 449 people in our study had been born in hospital. In Preston 50 years ago only a small proportion of babies were born in hospital, and most of them were firstborn children. The correspondence attached to the maternity records showed that many mothers booked a bed at an early stage of pregnancy. Medical problems were not an important reason for the women choosing to have their babies in hospital. As the analysis was based on comparisons within the sample bias would have been introduced only if the relations of blood pressure to placental weight and birth weight were different among people born in and outside hospital. Such bias seems unlikely because we showed that the relations were similar for first and later born children (table V) . The similar results seen in people in each social class, whether defined at birth or currently, suggest that the findings were not biased by selective migration according to socioeconomic state. Weights recorded routinely at birth, especially placental weights, are subject to error. This would tend to reduce the strength of relations with later blood pressure, as would the inclusion of people whose blood pressures were being lowered by treatment (tables I-III).
In the only previous follow up study relating birth weight to blood pressure in adults there were no data on placental weight.'2 There was a small difference of 2 mm Hg in mean systolic pressure between the 36 year old adults in the highest and lowest thirds of the distribution of birth weight. The differences by birth weight among all subjects in table I are consistent with this. The large, independent and opposing effects of a fall in systolic pressure of 10 mm Hg associated with increasing birth weight and a rise of 12 mm Hg (table BMJ VOLUME 301 III) associated with increasing placental weight were not seen when all pressures at a given birth weight are combined.
The strength and gradation of the relation between blood pressure and placental weight and birth weight make it less likely that it depends on some unknown confounding variable. Findings in children, among whom there are fewer possible confounding variables, support this. Two recent surveys in Britain of children aged 5 to 10 found that blood pressure was inversely related to birth weight.2 13 These associations in children are, however, weaker than those we found in adults.
Our data point to a possible mechanism for the relation between placental weight and blood pressure. Studies of fetal blood flow in animals have shown that in response to hypoxia there is a redistribution of fetal cardiac output, which favours the perfusion of the brain.'4"' In our data greater placental weight at any birth weight was associated with a decrease in the ratio of length to head circumference. This disproportionate growth is consistent with diversion of blood away from the trunk in favour of the brain. Reduced blood flow to the trunk induced in a fetus that is small in relation to its placenta could have irreversible consequences, perhaps by influencing arterial structure.
There is evidence in animals and humans that changes in the haemodynamic load in early life can alter the structure and compliance of larger arteries."6 In rats made hypertensive four weeks after birth the wall of the aorta thickens rapidly. This partly reverses if the hypertension is relieved. In young children born with a single umbilical artery the common iliac that gave rise to it is elastic whereas the other, which had lower blood flow, is thin walled and muscular.'7 These differences are reflected in differences in compliance, as measured by Doppler ultrasonography.'8 Compliance determines pulse pressure, and changes in pulse pressure produce changes in vessel wall scleroprotein, which in turn change compliance. This feedback could perpetuate high systolic pressure from infancy to old age. This is, however, only one possible mechanism by which fetal circulatory changes could change the structure of blood vessels in adults."
Mothers' blood pressures are related to those of their children,20 and it could be argued that placental weight is linked to adult blood pressure through a genetic mechanism that determines both the blood pressure of the child and the growth of the placenta. The The nutrition of girls may therefore be linked to blood pressure in the next generation.
The customary explanation for differences in blood pressure is that they depend on the environment during adult life.22 Our findings, however, suggest that the intrauterine environment has a dominant effect on blood pressure. Research into the adult environment and hypertension has focused on salt.9 24 
